In our sound environment, there are various complex sounds including both stationary and non-stationary sounds. It is important to examine the relation between the loudness and the physical metrics in order to evaluate and control the sound environment. The temporal patterns of nonstationary sounds in daily life environment, such as road traffic noise, construction noise, speech and music, are different from each other. It would be desirable to evaluate the loudness of both stationary and non-stationary sounds with various temporal and spectral characteristics by the same metric in the evaluation of the loudness. It is needless to say that the metric should have a good relation with the subjective impression. From physical viewpoint, sounds with various temporal patterns including stationary sounds can be measured by a single scale on the basis of energy. In this paper, a single common metric for the evaluation of the loudness of both stationary and non-stationary sounds is examined by conducting a psychological experiment. As a result, it was found that loudness level showed significantly higher correlation with subjectively judged loudness when the temporal fluctuation is averaged on energy basis than percent exceedance level.
INTRODUCTION
Most of the sound in our environment are temporally varying and include complex spectral components, such as music, speech and noise. In the evaluation of the environmental noise, it is necessary to measure the sounds and examine whether they meet the environmental quality standard. It is not seldom that different metrics are adopted for the evaluation of different sound source. This may cause inconvenience. It would be desirable to evaluate the environmental sounds using a common metric.
L Aeq defined by the following equation (1) is standardized in ISO1996 [1] and JIS Z8731 [2] for the evaluation of temporally varying sounds.
where p A(t) is the A weighted instantaneous sound pressure at running time (t) p 0 is the reference sound pressure (=20 Pa)
This equation indicates that when the mean value of the level fluctuation of sound is expressed as a mean energy in a given time interval (T), the value is equal to the sound level of the stationary sound with the same energy and the same duration. When environmental sounds are physically evaluated, it is not necessary to consider whether the sound is stationary or non-stationary. Both sounds can be evaluated using L Aeq .
It would be necessary to examine whether there is a good correlation of loudness as a subjective attribute of noise evaluation with L Aeq. Loudness varies depending on sound pressure and frequency components of the sounds. L Aeq is based on the mean energy for level fluctuation and A-weighting for frequency weighting. Namba and Kuwano with their colleagues conducted psychological experiments using various stationary and non-stationary sounds. The results of 11 experiments are shown together in Figure 1 [3] . Good correlation can be seen between loudness and L Aeq . This suggests that L Aeq can be applied to the evaluation of loudness.
FIGURE 1 Relation between loudness and L Aeq
A-weighting is based on the approximation of the reverse function of 40-phon curve of equal loudness contour. There is no theoretical basis for evaluating the loudness of complex sounds using A-weighting. Masking between components of complex sounds and the loudness of each component of the sounds are not considered in Aweighting. Generally speaking, however, good correlation is found between A-weighted sound pressure level or L Aeq and the loudness of environmental sounds that consist of wide frequency components. In the case of sounds that have high frequency components with high sound pressure level or those that have prominent pure tone components, A-weighting does not always show good correlation with loudness. Loudness level shows better correlation with loudness for these sounds than A-weighting. This is confirmed by psychological experiments [4, 5] and by a calculation model [6] . The method for calculating loudness level is standardized in ISO532 that includes Stevens' method (A) and Zwicker's method (B) [7] . More than 30 years have passed since ISO532 was standardized in 1975. Also equal loudness contour on which ISO532 is based was revised, especially in low frequency region, in 2003. Under these circumstances, the examination of the revision of ISO532 started in ISO TC43/WG9 in 2007. It is still under discussion. At the present moment, it is expected that Zwicker's method will be remained as ISO 532 Part 1 and the method of Glasberg and Moore [8] , which is standardized in the US as ANSI S3.4 [9] , will be adopted as ISO532 Part 2. Stevens' method will be removed. Both Zwicker's method and the method of Glasberg and Moore show good correlation with subjectively judged loudness of various sounds that include prominent frequency components. However, both methods can only be applied to stationary sounds. Most of the sounds in our environments are temporally varying. Therefore, if these methods can be applied to non-stationary sounds, they will have wide applicability. In German standard DIN43651/A1 (2010) [10] that is based on Zwicker's method, N 5 (5 percent exceedance level) is adopted for the evaluation of non-stationary sounds. Percent exceedance level is a statistical value and it is not easy to predict the value using physical prediction model when the sound environment is changed, while it is easy to reflect the change of sound environment in the case of L Aeq by adding or reducing of sound energy of each sound source. This is a demerit of the percent exceedance level. Also, percent exceedance level cannot be applied to stationary sounds that have no distribution of sound pressure level. In the real sound environment, both stationary sounds and nonstationary sounds exist and it sometimes happens that environmental sounds composed of both stationary and nonstationary sounds should be evaluated together, which is not easy with percent exceedance level.
In this study, the possibility for using a single common metric for the loudness of both stationary and nonstationary sounds is examined by conducting psychological experiments. Since musical sounds contains prominent frequency components, musical sounds as well as stationary sounds were used in this experiment. Zwicker's method for the calculating loudness level is used.
EXPERIMENT Stimulus
26 kinds of sound were used as stimuli. They are listed in Table 1 
Procedure
Magnitude estimation was used for the loudness judgment. Twenty-six sounds were presented in random order and the participants were asked to judge the loudness by assigning any positive number that reflects their impression of loudness. Two trials were conducted after training.
Equipment
The sounds were reproduced with a DAT recorder (Panasonic SV-DA10) and presented to both ears of the participants through an amplifier (STAX SMR-3) and headphones (STAX LAMBDA Nova). The experiment was conducted in a studio in Toho Gakuen College of Drama and Music.
Physical Measurement
The sounds reproduced through headphones were recorded on a DAT tape using a microphone (Rion UC92) set at the position of the entrance of external auditory canal of a dummy head (Cortex). The recorded sounds were used for the calculation and/or measurement of physical metrics.
One of the possible methods to apply Zwicker's method to both stationary and non-stationary sounds is to use the average of temporal fluctuation on energy basis. In Zwicker's method 1/3 octave band filter is used as an approximation of critical band. In the case of non-stationary sounds, the average of temporal fluctuation of each 1/3 octave band on energy basis is calculated and Zwicker's method can be applied using these averages in order to calculate loudness level. This calculation method is quite practical since loudness level based on Zwicker's method can be calculated using a conventional 1/3 octave band filter and an integrated sound level meter.
The loudness level calculated by this method is called LLz(E).
However, there may be a problem in the above mentioned procedure based on the mean energy of 1/3 octave bands. There is a possibility that the relation in instantaneous frequency variation among 24 critical bands may have an effect on loudness level. In such cases, it may lose the minute, but significant effect of temporal frequency variation on loudness level if the average of 1/3 octave band on energy basis is used for the calculation of the loudness level. In order to avoid this problem, the authors have proposed the method to calculate instantaneous loudness level and average the instantaneous loudness level on energy basis for whole time interval [10] . The loudness level calculated by this method is called LLz(P).
These two methods are indicated by the following equations and the metrics examined in this study are shown in Table 2 .
LLz(E)
LLz ( 
Participants
Six females and five males aged between 21 and 49 with normal hearing ability participated in the experiment.
RESULTS

Reliability of the Judgment
The coefficient of correlation between two trials of each participant was calculated. It is shown in Table 3 . It was found that the coefficient of correlation of each participant is statistically significant and the judgments of all the participants can be admitted as reliable. Therefore, the geometric mean of the two trials of 11 participants was used for the further analyses. 
Relation between Loudness Judgment and Physical Metrics
Relations between loudness judgment and L peq , L Aeq , LLz(E), LLz(P), Nz5 and Nz10 were examined. LLz (E) was calculated using the softwares proposed by Zwicker et al. [12] . LLz(P), Nz5 and Nz10 were calculated using a software (ONO Sokki, Oscope 2). The relations between loudness judgment and each physical metric are shown in Table 4 . Both LLz(E) and LLz(P) showed higher correlation with loudness judgment than the percent exceedance level (Nz5 and Nz10). There are statistically significant difference between them (p<0.005) as shown in Table 4 . Furthermore, there is no statistical difference between Nz5 and Nz10. There is a high correlation between them (r = 0.9999). . This suggests that it is not clear which percent should be a representative for temporally varying sounds. There would be no reason to adopt 5 percent exceedance level.
There was no statistical difference between LLz (E) and LLz(P). This suggests that both methods can be used for calculating loudness level of non-stationary sounds on energy basis, though LLz(P) is appropriate from a view point that it can be applied to a variety of temporal level and frequency fluctuation and LLz (E) is a simplified method.
FINAL REMARKS
A psychological experiment was conducted using stationary and non-stationary sounds. Six kinds of physical metrics were examined in relation to subjectively judged loudness. They were L Peq , L Aeq , LLz(E), LLz(P), Nz5 and Nz10. It was found that loudness level, the temporal fluctuation of which is averaged on energy basis, is a good metric that can be used for both stationary and non-stationary sounds.
